The capacity fading and lower rate of layered cathode materials prohibited widely applications in lithium ion batteries. In this paper, V 2 O 5 was coated on the surface of LiNi 1/3 Co 1/3 Mn 1/3 O 2 to enhance its electrochemical performance at a voltage range of 2.8-4.5 V. The prepared materials were characterized by powder X-ray diffraction (XRD), Scanning electron microscopy (SEM) and Transmission electron microscope (TEM). The capacity retention at the 100 th cycle have been increased from 62% to over 80% for the 3 wt% V 2 O 5 coated sample.The rate performance have been improved by V 2 O 5 coating which mainly because of the coating layer enhance the surface electronic/ionic transport. Cyclic Voltammetry (CV) showed that the redox properties of the pristine sample have a more obvirous changes after charge-discharge cycles compared with the coated samples. Electrochemical impedance spectroscopy (EIS) results suggest that the V 2 O 5 coating layer play an important role in suppressing the increase of cell impedance with cycling especially for the increase of charge-transfer resistance (R ct ).
Introduction
Lithium ion batteries (LIB) have been intensively studied due to their desirable properties as high power and energy densities, good cycle performance and long calendar life. There are great demands for their use as power sources for various electronic equipments such as laptop computers, cordless telephones, storing wind and solar energy in smart grids and other portable consumer electronic devices [1] [2] [3] . At present, the cathode materials for LIB in portable electronic products are mainly LiCoO 2 due to its ease production and well electrochemical properties [4] [5] [6] .
However, the scarcity source and toxicity of LiCoO 2 cycling rate which prohibited widely application of this materials [9] [10] . The most plausible reasons are the lower ionic/electronic conductivity and side reactions at the interface of the electrode and electrolyte [11] . 5 oxide coating layer on LiCoO 2 improved the cycleability at a high-charge cut-off voltage [30] . 
Experiment
Pristine (1 g ) was added to the hydrosol, kept on stiring for 2 h at room temperature. After Ultrasonic treatment for 10 minutes, the suspension was dried at 80 °C. The final powder was heat-treated in a furnace at 350 °C for 5 h in air. For comparing, the pristine samples had also been heat-treated under the same conditions.
The structure of the powder samples of pristine and coated samples were analyzed using a Bruker D8 Advance X-Ray powder Diffractometer (XRD) with Cu Kα radiation. are presented in Fig. 1a . The patterns showed that the synthesized materials have highly crystalline and all the diffraction peaks could be indexed as a layered oxide structure which based on a hexagonal α-NaFeO 2 structure with a space group of R-3m. The splitting of the peaks (108), (110) and (006), (102) in the XRD patterns indicated that the materials had a well ordered α-NaFeO 2 structure, I 003 /I 104 >1.2 was an indication of desirable cation mixing [33] . The lattice parameters of pristine and V 2 O 5 coated sample were summarized in Table 1 The surface morphologies of the pristine and 3 wt%-V 2 O 5 -coated samples were observed by SEM and TEM. As shown in Fig. 2a and 2c, the secondary particles of pristine LiNi 1/3 Co 1/3 Mn 1/3 O 2 (from 2 μm to several μm) consisted of primary particles (300-500 nm in size).
We can see clearly that the surface and edge of the particles are smooth and clean from TEM image in Fig. 2e . In contrast, after coating with V 2 O 5 , the particle is almost no changes in size( respectively. [29] The peak intensity for V 4+ is less than 10% compared with the peak intensity for V 5+ . Therefore, the major component in the coating layer is V 2 O 5 .
The capacity, cyclic performance and rate capability of pristine and coated Fig. 4b . The pristine sample showed a higher initial discharge capacity than the coated samples, but it suffered a serious capacity fading upon cycling. In contrast, the coated samples showed a relatively smaller 8 initial discharge capacity, there is a slight capacity fading upon cycling. This effects are more obvious at high rates. The capacity recovery of the coated sample, when took the charge-discharge at 75 mA/g rate again after high rate cycling, were better (93.6% for 3 wt% V 2 O 5 coated sample) than the pristine samples (90%). This result also confirm that the coating layer can impede the capacity fading. 9 In order to detailed study the changes of charge-discharge processes with cycles, Fig. 6 shows the charge and discharge curves of pristine and V 2 O 5 -coated materials at different cycles. During the charge processes, the plateaus of the two samples appeared at about 3.8 V and slowly increased to 4.5 V. For the pristine sample, the plateaus became higher as cycling and reached to about 4.05 V at the 100 th cycle. But for the coated samples, the changes was smaller and the plateaus were 3.91 V at the 100 th cycle. For the discharge processes of the pristine sample, the plateaus became more and more vague with cycling. In contrast, the changes of the plateau for the coated samples were minor. The increase of the separations between charge plateau and discharge plateau originated from the increase of overpotential which caused by the side-reactions between the electrode and electrolyte. The V 2 O 5 coating layer suppressed side-reactions at the interface of electrode/electrolyte and so the coated samples showed smaller changes of the charge-discharge plateaus than the pristine sample.
Cyclic voltammetry (CV) is an effective analysis technique for studying the oxidation/reduction processes in electrode reaction. It should be pointed out that the redox potentials of ions do depend on the metal-metal interactions within the layers [35] . Therefore, for layered cathode materials, the changes of the metal circumstance which caused by the increase of cation mixing can be reflected by cyclic voltamgrams. In our research, CV were conducted to investigate the oxidation/reduction properties on before and after cycled cells. As shown in Fig.7a , the pristine sample showed a well refined redox peaks at 3.887 and 3.689V, while the coated samples showed peaks at 3.866 V and 3.697V, which can be assigned to the Ni 2+ /Ni 4+ couple [33] . In order to further study how the coating layer suppressing the side-reactions between the electrode and electrolyte, the electrochemical impedance spectroscopy (EIS) measurements were carried out after the 2nd and 100 th charge-discharge cycles. For each measurement, the cells were first galvanostatically cycled to the desired cycle numbers (between 4.5 V and 2.8 V at the current of 300 mA/g), followed by charging them to 4.5 V at a small current of 15 mA/g, discharged to 3.8 V at the same current, and then allowed the cell to relax to its open circuit potential for 3 h. Fig.   8a and Fig. 8b show the Nyquist plots of both of the samples. The impedance spectra were fitted by the equivalent circuit model as shown in Fig. 8c . The R sol represents electrolyte resistance, R sei represents the impedance of the natural and artificial solid electrolyte interface and the impedance of electrons through the active materials. This part corresponds to the first semicircle from the high to medium frequency region in the Nyquist plots. The R ct represents the charge transfer resistance which corresponding to the second semicircles in the low-frequency region. And the last parts in the lowest frequency region are due to the diffusion of lithium ions in the solid electrodes, as introduced by Warburg [21] . The fitting results are depicted in Table 3 . At the second cycle, the R sei value of the 3 wt% V 2 O 5 -coated material is 27.55 Ω, however, for the pristine samples, the R sei value is only 6.92 Ω. Because at the initial state of the battery, the amorphous V 2 O 5 layer produced a resistance for the transfer of Li + ions and electrons in the electrode and electrolyte interface layer.
Upon cycling, the R sei value of pristine samples increased rapidly. The side reactions made the surface of electrodes become rough, and the transfer of charge and electrons at this region became more and more difficult. Both of the two samples showed small charge transfer resistance at the second cycles. So it (R ct ) played a minor role at the initial stage of the cycles. 
